Introduction 3 4
Seafood products are essential part of basic food basket in many developing countries with 5 their quality and safety issues inherently linked to the concept of food security (Bose, 2010) . 6
Fish and seafood products are considered an important part of a balanced diet and 7 contribute to a good nutritional status. They contain high levels of many important nutrients 8 not commonly found in other foods. Seafood is known to be an excellent source of proteins, 9 very long-unsaturated chains of omega-3 fatty acids (EPA and DHA), vitamin D, vitamin B12, 10 and many useful trace elements such as selenium and iodine. However they also pose 11 significant safety risks and the rapid increase in globalization of fish production and trade 12 has led to concerns and international incidents of contaminated fish (James, Ababouch, & 13
Washington, 2013). 14 The Sultanate of Oman, located on the eastern edge of the Arabian Peninsula, has a long 15 coastline with rich fishing grounds. The issue of seafood safety and quality has become a 16 priority for the Omani government which is concerned about the ability of the country to 17 guarantee the safety and quality of their fish and seafood products. Furthermore, the rapid 18 development of tourism industry in Oman has increased the need to develop an efficient 19 food control infrastructure within Oman. This needs to be capable of ensuring that exports 20 meet the legal requirements and the high standards demanded by international markets but 21 also providing protection for those consuming the products locally (whether as tourists or 22 the local population). 23
For many centuries, fishing in Oman has been an integral part of its culture and providing 24 both employment and income opportunities as well as nourishment for the majority of the 25 Omani population. Under the 8th Five-Year National development Plan (2011-2015) the 26
Ministry of Agriculture and Fisheries (MAF) has stipulated key strategic approaches to 27 advance the development of the fisheries sector and to increase its contribution to the 28 Gross Domestic Product (GDP). Effective management of the supply chain is seen as a 29 necessity to reduce post-harvest losses and enhance the quality and safety of locally 30 produced seafood as well as ensuring the integrity of imported and exported seafood 31 products. 32
This study analyses the current seafood safety and quality issues facing the Omani fishing 33 industry and food control authorities. It develops proposals for the development of this 34 sector by the government and the private sectors in order to enhance food safety standards 35 and to achieve a proper utilization of the country's vast marine resource. 36 M A N U S C R I P T
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2 | P a g e establishment become important. The changes have been part of the government's 41 strategic plan to diversify the country's economy and promote private investment (MNE, 42 2007a (MNE, 42 , 2007b . The fish harvesting practices in most of the coastal communities have 43 remained the same over the years and the government's goal is to shift the sector from the 44 traditional practices to more modern systems (Bose, 2010) . 45
Economic status of the fisheries sector 46
The fisheries sector is considered one of the most important non-oil sources of income for 47 Oman although its contribution to the GDP is only 0.5 percent and, combined with 48 agriculture, the figure is still only 1.2 percent (NCSI, 2013; WTO, 2013). However, the social 49 impact of this sector is immense particularly in rural development, employment and food 50 security. Most Omani people live in the coastal areas and fisheries provide livelihoods to 51 around 40,000 Omanis directly with about 280,000 individuals depending indirectly on 52 fisheries income (FSB., 2013; Worldfolio, 2012) . The continuous growth in production of the 53 agricultural and fisheries sectors has led to their contribution to the provision of food to 54 nearly 39.5% of the Omani total food consumption during the period from 2009 to 55 2012 (MAF, 2012) . 56
The continuous growth in production of agricultural and fisheries sectors have led to an 57 increase in the contribution in the provision of food, hence both sectors contribute to 58 around 39.5% of the total consumption food in Oman during the period from 2009 until the 59 year 2012 60
Fisheries production contributes to the national economy and there is a need to diversify 61 the national income through the development of the fisheries-related industry and 62 enhancement of the future production is crucial. Seafood is a major commodity in 63 international trade and has significant potential for revenue generation. This does though 64 require the industry to adjust its practices to meet regional and international demands for 65 quality and safety. In addition it can be noted that there is potential for overfishing due to 66 the possible financial rewards. International controls for Illegal, Unreported and 67 Unregulated (IUU) fishing have been agreed and Oman is adopting these (RECOFI, 2009; 68 Royal Decree No. 26/2013 . The extent of the problem is, by its nature, unquantified 69 but it is considered not to represent a major fish safety issue and is not considered further 70 in this paper. 71
In 1995, the country introduced a long-term national economic strategic plan known as 72 "Oman Vision 2020" which specifically aimed to reduce the economic dependency on 73 hydrocarbons sources including an increase the share of the non-oil sector to 15 percent of 74 GDP by 2020 (WTO, 2013). The diversification of the economy has been a vital pillar in the 75 economic policy of the Vision, with objectives of creating an economy that is founded on 76 renewable resources and a highly integrated part of the world economy (WTO, 2013). This 77 strategic decision has diverted attention to the socio-economic potential (i.e., contribution 78 to the Gross Domestic Product (GDP), foreign exchange earnings, employment creation and 79 food security) of the fisheries sector. In order to fulfil this vision, industrial estates, free 80 zones, fish harbours and well-structured landing sites were identified as necessary to 81 support the sector's growth. 82
Fisheries sector 83
The fisheries sector in Oman can be sub-divided into three: the artisanal, commercial 84 fisheries and aquaculture sector. 85
Artisanal fisheries 86
The artisanal fisheries are small scale fishermen operating small vessels (5-9 meters in 87 length) typically made of fiberglass or larger traditional wooden boats known as dhows 88 which are still in use in some governorates. In total these fisheries produced 98% of the 89 catch in 2013. This sector supports around 44,500 fishermen operating 21,300 fishing 90 vessels (FSB., 2013). Most of these vessels are managed by family members although in 91 some cases either local or expatriate workers are used (A. Omezzine, Zaibet, L., Al-Oufi, 92 H.,, 1996). 93
Commercial fisheries 94
Commercial fisheries comprise recently developed coastal fisheries, long-liners (ships 95 using lines rather than nets) and international contracted trawlers (using nets) targeting 96 the higher value fish products. However, in mid-2011 restrictions were imposed by the 97 government on these fishing trawlers in order to prevent overfishing and ensure a 98 sustainable environment for the fisheries. To replace these, a new fleet of local coastal 99 fishing vessels was introduced and operated by local investors. The aim is to expand its 100 share, which was less than 1% of the local market -in 2013 it had risen slightly with the 101 commercial fisheries fleets producing 1.3% (2,710 Tonnes) of the total catch as shown in 102
Figure 1 (FSB., 2013). 103
Aquaculture Production 104
In the Sultanate of Oman, aquaculture is in its infancy stage of development with the 105 aquaculture production small in comparison to the contribution from capture fisheries 106 (FAO, 2006) . Early attempts took place in 1986 with a production trial of the giant tiger 107 prawn (Penaeus monodon) but it was halted due to technical difficulties. Table 1, the  143 proportion of exports to the highly valued national markets of the USA and Japan were tiny 144 representing 0.03% and 0.05% of all exports respectively, and less than 1 % in quantity. This 145 clearly demonstrates the opportunities available for market expansion and product 146 diversification. 147
In comparison, imports are small (less than 10% of the quantity of exports) and primarily 148 restricted to fish species which are either unavailable locally or subject to seasonal 149
shortages. The majority of the imports are derived from the GCC, and other countries, 150
followed by the Asian countries as shown in Table 1 . 151 3 The seafood supply chain 152
The marketing of seafood in Oman is complex linking fishermen, transporters, traders, 153 processors, exporters, retailers and consumers. Based on our knowledge of the Omani fish 154 supply chain and discussions locally, we have developed the overview diagram shown in 155 figure 2. The main elements of this will now be considered. 156
Fisheries Producers 157
As already discussed, the artisanal fisheries account for most of the fresh fish produced in 158 the country. These vessels however lack adequate handling and storage and the fish are 159 usually offloaded onto the beaches or at landing centres of varying standards. The product is 160 frequently sold direct to consumers who enjoy eating fresh fish and they will often make 161 their purchases direct from the fishermen despite the presence of local fish markets. Other 162 fish will be sold to traders or processors with auctions being held at some landing centres 163 . 164
The overall marketing system in Oman consists mainly of the coastal fish markets 165 ('primary'), fish markets in the interior parts of the country ('secondary'), retail markets and 166 recently a central market in Wilaya Barka. Primary markets are typically basic structures 167 lacking services and are mostly located at the landing centres with fish offloaded directly 168 M A N U S C R I P T
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5 | P a g e from the boats of the local fishermen. Sales from these markets can be both retail and 169 wholesale and depend on the fish species, the quantity involved and the clients (household 170 or commercial and USA) where stringent safety and quality controls are required are usually transported 211 using control conditions by approved transporters with the processors collecting the fresh 212 fish directly from the fishermen or commercial vessels. 213
The seafood processors serve domestic, regional and international customers. The majority 214 of these processors produce mainly fresh and frozen products of different species caught 215 locally. Only a few processors deal with added value products, such as canned tuna and 216 sardine or breaded products, with raw materials obtained from both local and external 217 markets Currently 47 seafood processors are operational with 21 having national 218 certification for export (requiring the adoption of Hazard Analysis and Critical Control Point 219 (HACCP) procedure and its pre-requisite programmes) with the rest at different stages of 220 certification (figure 3). The Quality Control (QC) certificate and related QC number is 221 granted by the FQCC to the establishments, fishing vessels and fishery transporters when 222 they meet the provisions for export to major international markets set out in MD No. 12/09 223 (Ministerial Decision, 2009). Processers lacking the quality and safety systems required for 224 certification and a QC number may target other less demanding markets. Aquaculture 225 products are still a small element but usually find their way to the primary and retail 226 markets. Some are produced specifically for export to regional markets and international 227 markets. 228
Domestic, Regional and International Consumers 229
As shown in figure 2, the supply chain delivers products to consumers in three types of 230 markets: local, regional and international. The first two of these are similar with limited 231 levels of health and safety control; however, these controls intensify as approaching the 232 international market with the EU and USA market considered the most stringent. 233 Domestic consumption of seafood products depends on their availability, income levels, 234 traditions and food perceptions. Fish exports are the most important source of foreign 235 currency rated second after non-oil exports. Policies therefore encourage the trade and a 236 high percentage of the local catch is exported to the neighbouring countries (regional 237 consumers) with the highest quality going to the international consumers. As a 238 consequence, local consumers suffer from occasional fish shortages, despite higher prices 239 being offered for certain commercial fish (Mbaga, Al-Jufaily, & Al Belushi, 2012). Therefore, 240 the ministry have employed appropriate measures with the local producers in order to 241 regulate the distribution of the seafood products in terms of the pricing and accessibility by 242 domestic markets and reduce inflation due to the elevated fish prices (Bose, 2010) . 243
Exports to regional markets have increased in recent years particularly to UAE, Saudi Arabia 244 and other GCC countries. However, the benefit incurred is really low since this is largely 245 fresh unprocessed fish with no added value. It has been suggested that there are 246 opportunities to increase regional trade in added value products leading to more local 247 employment (Mbaga et al., 2012) . Transport to these regional markets often lacks 248 appropriate temperature controls and, given the distances involved and the high 249 temperatures, quality and safety of the products suffer resulting in economic losses. 250
Preliminary data for 2014 (personal communication) is showing a reduction in the volume 251 exported to neighbouring countries following the introduction of the wholesale fish market. 252
Providing a more systematic mechanism for the operation and the control of the various fish 253 markets in the country will enable increased efficiency, substantial reduction in the post-254 harvest losses and the exploration of new markets. This will enable the sector to contribute 255 more to the country's economy and enhance its food security. 256
For exporting to the EU, USA and Japan the most significant regulations are those of the EU 257 requirements which lay down the health conditions required for the handling and marketing 258 of fishery products (see below handling, processing and storage were significant risk factors with respect to histamine 286 production. The study showed that although there is a correlation between a freshness 287 index (the K-value) and sensory/organoleptic changes this cannot be used to predict the 288 presence or absence of histamine. 289
Fish species belonging to some of the previous mentioned families have a high value and 290 are popular with local consumers in Oman. However, there is a lack of published studies on 291 level of scombrotoxin fish poisoning in the country. The poisoning can be misdiagnosed for 292 other food borne illness and epidemiologically categorized as non-specific food poisoning. 293
Environmental pollution 294
In respect to environmental pollution, Oman has long coastline of 3165 km involving two 295 water bodies with different characteristics. To the southeast is the Arabian Sea, a part of the 296 Indian Ocean and an open body of water which is exposed to seasonal monsoons activities 297 and has high marine production. To the northeast is the Sea of Oman (or Gulf of Oman) 298 which is a strait that links the Indian Ocean via the Arabian Sea to the Strait of Hormuz and 299 M A N U S C R I P T
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8 | P a g e the Arabian Gulf. Around one third of the world's oil production passes through , 1996) . This is considered 323 to be due to upwelling phenomena rather than anthropogenic sources. 324
The country depends on the desalination of the sea water as a source of fresh water supply 325 and therefore control the quality of the marine environment is vital for the country. Bivalve molluscs and other marine filter feeders have the tendency to accumulate biotoxins 338 and can retain them for a long time. Marine predators in turn feed on the bivalves and thus 339 become toxic themselves, posing a major threat to public health. 340
Postharvest issues 341
As soon as fish and fishery products have been caught, several biological and biochemical 342 changes take place. The changes that take place in fish muscle immediately after death are 343 crucial in determining the quality and safety of the harvested fish products. At the point of 344 death, fish muscle are fully relaxed with an elastic texture that persists for some time before 345 M A N U S C R I P T Although seafood consumption contributes to health and wellbeing, concerns at the safety 380 and quality of seafood have been at the forefront of regional and global campaigns and 381 ensuring the safety of this seafood is critical requiring national and international action. For 382
A C C E P T E D
Oman, compliance with respect to safety and quality criteria is vital to access the lucrative 383 export markets and sustain international competitiveness. The EU, USA and Japanese 384 markets are the world's major importers of seafood products with imports accounting for 385 63% (AIPCE-CEP, 2014), 60% and 54 % (FAO, 2014c), respectively of their fishery product 386 consumption. They are therefore important markets for exporters but the situation is 387 complicated since the requirements of each international market differ in terms of the 388 specification and the regulations imposed. 389 M A N U S C R I P T The overall food safety system is structured in various government agencies that are based 464 at different ministries (Moza A. Al-Busaidi & Jukes, 2015). Therefore, the efforts to 465 successfully dealing with existing and emerging food safety threats and risks are hindered, 466 due to the duplication in mandates and overlapping responsibilities of the responsible 467 agencies. A lack of harmonization of the standards and regulations for the domestic 468 production, exports and imports is a challenge for the regulators and the different 469 stakeholder particularly when considering world trade and consumers protection issues. 470
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Ensuring effective legal control for the assurance of hygiene, safety and quality across the all 471 stages of the seafood production chain is fundamental to access the export markets. 472 However, a decrease in the landing of fish species with higher export values internationally 502 has caused some local exporters to question the value of meeting these enhanced 503 standards. The potential for fishermen to market fish to neighbouring countries with fewer 504 regulatory requirements in preference to selling to local processors has added further to the 505 struggles of companies seeking to export products to major international markets (ESCWA,  506 2007). Consequently, by 2013 the number of certified plants had declined to 21. 507
The adoption of HACCP principles by Omani fish processors has not progressed easily. The 508 government gave a priority to the adoption of food safety management systems, including 509 HACCP, as this was mandatory to meet the international markets' requirements. 510
Implementation of the new legislation was enforced by the FQCC and enhanced 511 infrastructure facilities (such as new icing plants and improved fishing harbours) were put in 512 place. Additional laboratories were constructed for the FQCC for the testing for 513 contaminants, whether microbial, chemical or physical. A specialist department on seafood 514 safety systems implementation was set up within the FQCC to provide technical assistance 515 to the private industries to ensure their conformity with regulation guidelines of such things 516 as product flow, overall structure and HACCP implementation. Training on hygienic fish-517 handling practices, prerequisite programmes (Good manufacture Practices (GMP) and Good 518
Hygiene Practices (GHP)) HACCP and others matters has been conducted for the different 519 stakeholders in the fish supply chain. 520
One study has identified some weaknesses and constraints that reduce the effectiveness of 521 the regulatory systems in the seafood sector . The study highlighted the lack of 522 pro-activeness and dependency of the seafood processors on the regulatory authority of the 523 M A N U S C R I P T
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13 | P a g e food safety management system. The study highlighted the difficulties faced by the industry 524 in terms of the cost of HACCP implementation, in fish processor for the structural work and 525 the modification required to meet the regulation requirements. 526
Work to upgrade existing seafood establishments continues but progress has been slow due 527 to resource constraints and the scattering of responsibilities in the different government 528 agencies. It can be noted that HACCP is not mandatory for most food processors so 529 persuading companies to adopt the system for export purposes can be difficult. 530
For imported fishery products, the FQCC's laboratories are the primary authority for 531 sampling and analysis but liaise with other food control laboratories in the country. 532
However although the FQCC's laboratories follow procedures (sampling plans and testing 533 methods) established to meet the requirements for export, the other laboratories only 534 apply procedures established for sales in Oman. Therefore, these products are treated 535 differently with less stringent requirements in order to ease the cost burdens on the 536 producers and in most of the cases produced in non-HACCP certified processors. 537 6 SWOT analysis 538 539
The above sections have provided key information on the major elements of the fishery 540 supply system in Oman, the regulations and controls applied to it as well as the 541 management systems adopted within the sector. The ministry has worked hard to upgrade 542 this sector and reduce the postharvest losses caused during fisheries production. Much has 543 been achieved. However it is also clear from the above description that despite a desire by 544 the Omani government to increase its export trade, the process has not been easy and still 545 provides challenges. 546
In order to try and identify what more the government could do for the industry to make it 547 more successful, we have used the information given above to construct a SWOT analysis 548 identifying the Strengths, Weaknesses, Opportunities and Threats to the fishery sector in 549
Oman. This has been tabulated in Figure 5 . 550
Fisheries production is one of the countries' chief sources of economic revenue after oil 553 production. The country exported 60% of its production in 2013 with most of the exports 554
targeting regional markets such as the GCC countries as well as Asian and African countries. 555
The lucrative markets of the EU, USA and Japan on the other hand, are less targeted due to 556 the more stringent standards imposed by the importing countries. Gaining access to these 557 markets can be costly as it requires the adoption of enhanced controls such as HACCP and 558 other management standards and exporters face high competition for market share from 559 other countries seeking to export. Despite the costs, HACCP does have significant benefits 560 (Taylor, 2001) . A correctly applied HACCP system gives a food business operator in depth 561 knowledge of the potential hazards in the process. They also become more focused on the 562 essential controls needed in their processing plants such as critical control points rather 563 than depending on the end products testing which is expensive and does not prevent 564 product failure. In the long run as stated by (Taylor, 2001 ) despite the work of initially 565 setting up a HACCP system, costs can be reduced. Most of all, if implemented correctly, the 566 system provides the food industry with effective management tools to produce safe food 567 and prevent foodborne illnesses. As the internationally recognised food safety system, its 568 adoption provides a clear benefit as it allows access to a wide range of international markets 569 (Taylor, 2001) . A local study by had findings which were in agreement with 570 these. The main benefits of HACCP ranked by authority and the seafood industries were the 571 improvement of the safety and quality of the products; easy access to lucrative markets 572 with stringent food safety requirements in place; improved customer satisfaction and moral 573 and commitment to the food safety and quality. Whilst a reduction in the rejections of 574 seafood products entering the EU and international markets was observed by both groups 575 after the implementation of HACCP in the seafood industry in Oman. 576 Domestic factors such as price, income distribution, consumer preference and availability, 577 also have an effect on the demand of fisheries products, therefore, leading to uncertainly as 578 to the availability of supplies. 579
Oman has made progress toward the implementation of these higher standards and has 580 been introducing enhanced management systems into the industrial sector. The existence of 581 strengthened legislative and government support, including subsidies, has encouraged some 582 businesses to implement HACCP despite not being a necessity for the local market. The 583 lifting of the EU's ban within a year of its imposition demonstrates that much can be 584 achieved in a short time when necessary. However, although progress was made in the 585 implementation of HACCP processes, difficulties still arise in the enforcement of this system 586 throughout the seafood supply chain due to the inadequate capability of some of processing 587 plants particularly the smaller businesses. 588
Flow process of fisheries products 589
Maintaining high quality seafood products is very critical and vital in order to stay accessing 590 the global market (World Fish Center, 2005). Certain traditional methods of harvesting, 591 preservation and processing for fishery products cannot meet the requirements of the 592 global market. Innovation in the pre-and post-harvesting process is vital in order to reduce 593 production losses and enhance the quality and safety of the final products. As the 594 weaknesses in the sector have been recognized, support will be required to make the urgent 595 improvements necessary to advance the fisheries industry 596
The existence of appropriate facilities for fishing vessels, landing, storage, distribution and 597 marketing is crucial for the quality and safety of the end products produced in this sector 598 and in order to meet the requirements of the legislation. As well as technical and financial 599 support, the industry requires training, education and information to ensure successful 600 trading. A greater use of commercial fisheries, rather than artisanal, would also increase 601 production capacity and help meet the government's goal of increasing the contribution of 602 fisheries to the overall national economy. 603
It is clear that the traditional fisheries need to invest in more advanced boats with 604 preservation and storage facilities on board. This would be most appropriate in the Arabian 605
Sea coastal areas where fish stocks are more likely to be sustainable. regions. Effective cold chain management retards microbial and biochemical reactions 613 associated with food spoilage and deterioration and reduce production losses and enhance 614 the quality and safety of products. 615
National and international safety and quality requirements are usually met by those 616 stakeholders who currently operate in the major international markets. However, the 617 findings of this study indicate that many aspects of the supply chain in Oman fall well below 618 this. The most likely causes of this is the cost incurred in raising standards to comply with 619 the international requirements resulting in increased production costs which also impact on 620 products destined for the domestic and regional markets. The costs are only recovered 621 when the fish products are exported to foreign markets. Therefore, earning foreign currency 622 by exporting to neighbouring countries is less risky and much easier and so a higher 623 percentage of the local catch is now going in that direction. As this market has expanded, 624 local consumers have suffered from occasional fish shortages in the domestic market and, if 625 available, often it is of poorer quality. 626
In order to reduce post-harvest losses, fisheries resources have to be managed by applying 627 the correct handling practices both on board and throughout the supply chain (FAO, 2014a). 628
The conversion of low-value fish to value added products is another alternative to reduce 629 losses (FAO, 2014a) and increased income with the generation of more employment in the 630 country (Mbaga et al., 2012) . The construction of more central markets will overcome 631 market constraints by providing well organized and controlled channels between the 632 wholesalers and the retailers . Currently a constraint in the seafood supply 633 chain in Oman is that the harvesting area is often the only information supplied by the 634 producers. Establishing labelling systems in these markets will facilitate chain traceability 635 from harvest through the chain giving products with enhanced quality and safety attributes. 636
Seafood safety issues 637
The globalization and liberalization of the world fish trade has brought benefits and 638 challenges for food safety (World Fish Center, 2005) . In developing countries such as Oman, 639 these benefits and challenges are seen mostly prominently in the complex stages of the 640 supply chain (fishermen, fish farmers, marketing, processing, distributers, consumers and 641 the government). The increased demand for fishery products and the growing aquaculture 642 industry in the country requires enhanced controls with HACCP, and its pre-requisite 643 programmes, mandated from farm to fork. Seafood products are often exposed to a poor 644 handling and a lengthy distribution chain before reaching consumers and, given its 645 perishability; its safety can be easily compromised if inadequately controlled. Environmental 646 contaminants levels, on the other hand, must be regulated through continuous surveillance 647 programmes at the harvesting and farming areas before entering the supply chain to ensure 648 the highest level of consumer health protection. Consumer education and awareness 649 program are essential and can be used as a driving force in improving the general status of 650 food safety in the country. The FAO has also been working to provide additional guidance 651 to countries seeking to enhance their fisheries control operations. In particular they have 652 published "Guidelines for risk-based fish inspection" (FAO, 2009) which contains valuable 653 guidance on these matters. 654 M A N U S C R I P T
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16 | P a g e Although seafood products can be of great health benefit in the diet they also carry risks to 655 public health. upgrade their systems to meet the expected requirements. However, despite the existence 676 of a well-defined legal framework throughout the seafood supply chain, there has only been 677 partial implementation of modern food safety management systems in the country. 678
The extension of the requirements of the regulations (No. 12/2009) to cover the full supply 679 chain and the broadening of the requirements to include importers, exporters and local 680 producers has spread the resources more thinly. The latest inclusion of the fish markets 681 into the mandate of the MAF has also increase the burden on the limited number of official 682 regulators. The system is still complex with food safety laws and regulations fragmented 683 among different governmental authorities and functioning as multi-agency system (Moza A. 684
Al-Busaidi & Jukes, 2015). These delays the adoption of a fully risk-based approach meeting 685 the food safety challenges for both its domestic and potential export markets. 686
Conclusion and recommendations 687 688
The fisheries sector is one of the most important non-oil sources of income for the Sultanate 689 of Oman. Small-scale fishermen are the backbone of fisheries production particularly with 690 the absence of a robust industrial fishery in the country. The MAF has tried various 691 approaches to enhance the fisheries sector in order to meet the stringent requirements of 692 international trade. HACCP has been highly recommended in the Omani's fisheries 693 legislation and efforts continue to protect both the health of the consumers and the interest 694 of its industry. 695
To ensure seafood safety and quality the supply chain must incorporate the best practice on 696 board and during handling of seafood products (e.g. cleaning, bleeding and ice). Traceability 697 M A N U S C R I P T
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17 | P a g e techniques from the primary producer (wild and farmed), through post-harvest treatment, 698 processing and distribution to the consumer must be developed and attained. With the 699 development of the aquaculture industry in the country, an increasing emphasis on the 700 prevention of hazards at source will be essential. These could be developed and 701 disseminated through good aquaculture practices and the application of HACCP in the 702 different stages of the process to complement the existing methods. Regional collaboration 703 among the different GCC countries sharing the same water bodies, perhaps within the 704
Regional Organization for the Protection of the Marine Environment (ROPME) framework, 705
Regional Commission for Fisheries (RECOFI) or Gulf Cooperation Council (GCC) food safety 706 committee would also be of great benefit to overcome safety problems. Some of the 707 collaborative work could be environmental programmes involving surveillance to monitor 708 the various contaminants in the marine ecosystem and preventing them from entering the 709 food chain. It is suggested that an annual 'food safety awareness week' be held in all GCC 710 countries at similar times and used as a platform to launch various programs for educating 711 and communicating with different stakeholders in the food supply chain. Further efforts to 712 unify the official food control system both in Oman and across the different GCC countries 713 would also assist consumer wellbeing. 714
In order to achieve similar levels of protection against foodborne hazards, stringent safety 715 and quality requirements should be enforced equally from farm to fork covering all aspects 716 of harvesting, production and distribution regardless of the target market or consumers. However, an effective food safety and quality assurance system is of paramount importance 725 for the protection of both the health of the consumers and the interests of industry 726 generally. Moreover, these standards should perhaps be viewed as a catalyst rather than a 727 barrier. Although they pose challenges, they also provide opportunities to developing 728 countries to upgrade and develop their systems, to be more efficient and effective in 729 controlling food safety and quality as well as ensuring conformity with international 730 standards and specifications (Henson & Jaffee, 2008) . 731
Considering the importance of the seafood industry in Oman, the government has 732 recognized the benefits of adopting this approach into its fisheries industry and viewing it as 733 a catalyst. When EU banned its fisheries export in 1998, it responded by reforming its food 734 safety controls and quickly regained market access. Adopting a proactive approach to 735 seafood safety is a sound strategic response to establish a position in the global market. 736
Our research will continue and seek to identify more precisely the benefits and constraints 737 in implementing food safety management systems in the seafood industry in Oman. • Commitment to bring all the seafood harvest and supply chain under one authority for easy management • Investment in infrastructure including increased landing sites and new fishing ports • Conducting research into the obstacles faced by the fishing industry for product quality and safety besides marketing.
• A willingness to subsidise some activities (e.g. provision of cool boxes and free ice to fishermen) to reduce losses due to poor quality.
• Strategic projects have been launched to aid the development of this sector.
• Already showing ability to comply with the requirements of the export markets of the EU, USA and Japan with few rejections or concerns • Seafood safety and controls in Oman are reviewed
• The complex supply chain in Oman for seafood is described
• Control requirements are identified and vary according to the final market
• Improvements have occurred but the research indicates that further progress is needed
